SUMMARY A method is described for the continuous-flow automation of the serum folate assay using Lactobacillus casei. The total incubation period is approximately four hours. The growthresponse of the organism to folate is estimated by measuring the rate of reduction of 2,3,5-triphenyl tetrazolium chloride (TTC). A simple continuous culture apparatus is used to grow the inoculum. Supplementation of the assay medium is necessary to obtain parallel results. A statistical assessment shows a favourable comparison with the whole-serum tube assay using a chloramphenicol resistant strain of L. casei. The method is less sensitive to inhibitory substances than the tube assay.
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The routine assay of serum folate using Lactobacillus casei is widely performed. Continual evolution of the assay has reduced the manual manipulation involved. Extraction procedures (Baker et al., 1959; Waters and Mollin, 1961) were simplified by assaying the whole-serum, initially 'aseptically' (Herbert, 1964 (Herbert, , 1966 Harper, 1965) and later using chloramphenicol-resistant strains of L. casei . The use of chloramphenicol expedited the introduction of mechanical dilution of samples into seeded medium with simple diluters Tennant and Withey, 1972) or more sophisticated preparation units (Millbank et al., 1970) .
Continuous-flow systems have been devised to dilute assays into test-tubes (Berg et al., 1975) as well as to measure the turbidity of test-tube cultures (Slade et al., 1974) but the 17-hour incubation period has posed an inherent problem in the complete automation of folate assays. Davis et al. (1970) attempted to overcome it by 'storing' the segmented culture stream in a coil which they incubated overnight before pumping the culture out through the colorimeter. An alternative approach has been to estimate the folate limited growthresponse by measuring the rate of tetrazolium reduction during a very much shorter incubation period (Tennant and Withey, 1974) . A routine procedure using this approach is described and assessed in this paper.
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The culture turbidity (E 560 nm) was about 0 5 (pH c 5-10) and remained stable for up to six months.
Establishing the continuous culture A freeze-dried culture was reconstituted and subcultured in MRS medium (Difco Laboratories Ltd, West Molesey KT8 OSE) (10 ml) containing chloramphenicol (100 mg/I) until a dense growth was obtained during overnight incubation at 37°C. The continuous culture apparatus was prepared by autoclaving (121°C for 15 minutes) and the pumptubes by pumping KOH solution (10 g/l) for about half an hour. The culture was set up by pouring the 10 ml inoculating culture into the growth vessel which was then clamped into the water-bath and connected to the pump. Cultures took about 48 hours to equilibrate. Fresh medium was required at weekly intervals and was boiled before use. It was protected from direct daylight (Anderson and Cowan, 1968 (Technicon) has already been described (Tennant and Withey, 1974) .
ASSAY MEDIUM
The bulk of the present work was performed using BBL Folic Acid Assay PGA Broth (Becton Dickinson Ltd, Empire Way, Wembley HA9 OPS) with the additions shown in Table 2 . Bacto-Folic Acid Casei Medium (Difco) and medium prepared in the laboratory (Baker et al., 1959) were also used. Fig. 4 Modification of the sampler probe-motor circuit to give a delay during the probe movement. Table 2 Assay medium composition 23-5 g BBL Folic Acid Assay PGA Broth 100 ml 1 M K2HPO4/HK2PO, buffer (pH 6 35)* 12-5 ml Tween 80 solution (100 ml/I) 1-0 g medium supplement (see Table 3 ) 1 0 g sodium ascorbate 0 5 ml chloramphenicol solution (10 g/l in ethanol) Make up to 500 ml with water * 1 M buffer pH 6-35 = 47-4 g K2HPO4 + 99 g KH2PO4 in glass distilled water The tube assay was a modification of that described previously (Tennant and Withey, 1972) . The phosphate buffer concentration was reduced to 0 075 M and chloramphenicol (10 mg/l) was added as a solution in ethanol.
Results

COMPARISON WITH THE TUBE ASSAY
The folate concentrations of 235 samples assayed using BBL medium in the present method (y) were compared with the results from the tube assay (x) (Fig. 5) . The correlation coefficient (r) was 0 939 and the regression equation was y = 0 98x-003. Similar results were obtained using Difco medium (N = 83;r = 0942;y = 087x + 049) andmedium prepared in the laboratory (N = 68; r = 0949; y = 099x + 01 1 ).
ASCORBATE ADDITION TO SERUM SAMPLES
Routine samples did not contain ascorbate. Wher ascorbate was added (0 05 ml of ascorbic acid solution (100 g/l) per millilitre of serum) to sera as they were separated (and at an equivalent concentration to the standard PteGlu solutions) the correlation of the assay results was similar to that shown in Fig. 5 (N = 125 ; r = 0 923; y = 0-92x + 0 05). Sera were stored for 2 5 years at -20°C without added ascorbate and assayed by the present method. Results were compared with tube assay results obtained when the samples were fresh (N = 48; r = 0940; y = 085x + 038).
REPRODUCIBILITY
One of three control sera was assayed approximately 20 times by the present method and by the tube assay on the same day. The aliquots of the control serum were spread through the batches, alternating with routine samples. Each control serum was assayed in 10 batches over a two-month period. The results (Table 4) show that the overall coefficient of variation within the batch was 7 6 % by the present method and 644% by the tube assay. Variation between the batches was assessed by comparison of the mean values of each batch and showed that, overall, the coefficient of variation with the automated method was 8-2o compared with 14.40, with the tube assay.
RECOVERY EXPERIMENTS
PteGlu was added to sera with known folate concentrations and the total folate measured was compared with that expected (Table 5 ). The mean recovery was 102°,. (Table 6 ). The sensitivity of L. casei to the drugs was lower in the present method than in the tube assay. The decreased sensitivity to benzyl penicillin was particularly striking. Some sera showed inhibitory effects in the present method when there was no corresponding loss of parallelism in the tube assay. Investigation showed that this was with sera from patients showing intravascular haemolysis. Peak height was little affected but the baseline was lowered. This was due to the presence of methaemalbumin. When a solution of methaemalbumin was sampled continuously in parallel with the serum sample-line (Fig. 3 ) sera from patients with intravascular haemolysis had no effect on the baseline. The concentration of methaemalbumin solutions was indexed by measuring the change in absorbance E 558 nm), due to the a band of albumin haemachromogen, during Schumm's test (Varley, 1962) . The index had to be greater than 1-20 to prevent inhibition by samples. A suitable solution was obtained by mixing 5 ml of haematin solution (containing 13 mg haematin and 100 mg of KOH) with 100 ml of a 5 g/l solution of albumin (Armour Pharmaceutical Co Ltd, Eastbourne BN22 9AG). There was no effect on the parallelism of the assay although the rate of TTC reduction was reduced. In routine use there was no need to sample continuously a methaemalbumin solution. As the peak height was affected very much less than the baseline it was possible to measure the 'peak' absorbance with the log-scale ruler from the recorder and thus make a comparison with the standard curve.
Discussion
The method described here has proved robust and reliable, producing results which compare favourably with those from the routine tube assay. Variation within the batch was little different from that of the tube assay. The variation between batches was lower with the automated method, which is now in widespread use. This method offers advantages over the tube assay in relation to glassware preparation, inocula production, and working space required. Of considerable practical value is the reduced sensitivity of the method to growth-inhibiting drugs. However, the most significant advantage must be in the reduced technician time necessary to prepare the assay. All that is then required is intermittent attention to check its operation and to add samples as they arrive in the laboratory.
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